To determine whether the characteristics of menstrual bleeding and the menopausal transition are associated with physical functioning in women age 40 to 55, after considering ethnicity, ability to pay for basics, body size, and age. DESIGN: Cross-sectional study. SETTING: Seven geographically dispersed community samples in the United States. PARTICIPANTS: The 14,427 respondents were Caucasians (46.9%), African Americans (28.7%), Chinese (4.0%), Japanese (5.3%), and Hispanics (12.6%) from the Study of Women's Health Across the Nation (SWAN) Cross-sectional Study, a study of the menopausal transition, including surgical menopause.
C urrently, it is estimated that there are 49 million persons living with physical limitation and disability due to injury, disease, birth defects, and the aging process. 1 Physical functional limitation is operationally defined in terms of the degree of difficulty in performing activities of daily living such as walking, moving up and down stairs, stooping, bending, lifting a weight, hearing, speaking, eating, maintaining cleanliness, or toileting. 2 Much of the information about the impact of functional limitation is in relation to healthcare utilization, morbidity, or mortality and is limited to older people [3] [4] [5] [6] [7] providing little opportunity for studying its natural history.
The National Health Interview Survey, 8 using a national, population-based sample, identified through interviews that 15% of the population between the ages of 45 and 64 had self-reported, severe functional limitations. National data also suggest that of those with functional limitation, 50% reported that the onset of the limitation became evident between the ages of 40 and 55.
Women more frequently self-report functional limitation than men. [9] [10] [11] [12] Indeed, even at relatively young ages (40-55), more women report physical limitations and disabilities than do men. 13 The reason for the greater prevalence of functional limitation in women (who simultaneously have a greater life expectancy) is poorly understood. Recent studies suggests that men and women generally report their disability accurately 14 and reproducibly 15 and that the observed higher prevalence of functional problems in women is probably a true reflection of disability. 14 Thus, factors unique to women must be considered in relation to the increased prevalence of functional limitations in women.
It is unknown whether factors associated with the menopausal transition ultimately contribute to the excess presentation of functional limitations in older women as compared with older men. The menopausal transition period is an ill-defined period of time, probably lasting 4 to 10 years in which there are known biological changes, including changes in hormone levels, and psychosocial changes, including alteration in social roles. In Figure 1 , we have formulated a working model to consider the natural history of functional limitations and how the constructions of the menopausal transition may ultimately influence the development of functional limitations and disability. Briefly, it is hypothesized that there are a number of physiological changes that take place in this transitional period that may predispose women to the development of functional limitations. Some of these hypothesized changes include an increasingly greater fat mass relative to lean mass, an increased likelihood of auto-immune response, a greater likelihood of impaired carbohydrate metabolism, a less favorable lipid profile, and a decline in sensory functions, including vision and hearing. 16 Whether the menopausal transition or other factors associated with aging enhance these changes is a primary question of the Study of Women's Health Across the Nation (SWAN) study that gave rise to this report. Although there is speculation as to the potential role of the menopausal transition in relation to physical functioning, there have been no systematic evaluations of the concept.
We evaluated the physical functioning Medical Outcome Study-Short Form 36 (MOS-SF-36) of 14,427 women, age 40 to 55, in relation to five categories in the menopausal transition that includes the use of reproductive hormones. We considered the degree to which self-reported race/ ethnicity, education, age, age at menopause, body mass index (BMI), difficulty in paying for basics, marital status, and employment status were associated with physical functioning and might act as confounding variables in the association of menopausal status with physical functioning.
MATERIALS AND METHODS

Study Participants
Participants are women enrolled in the SWAN, a prospective, multicenter, multiethnic, multidisciplinary study of the natural history of the menopausal transition. 17 SWAN sampling and recruiting was implemented at seven U.S. locations to identify community-based samples of AfricanAmerican (Boston, Chicago, Detroit area, Pittsburgh), nonHispanic Caucasian (all centers), Chinese (Oakland), Hispanic (Newark), and Japanese (Los Angeles) women. The study designs consist of a cross-sectional study and subsequent longitudinal study, both of which employ common protocols across the seven study centers.
The two purposes of the SWAN Cross-sectional Study were to identify women eligible for study longitudinally and to assess, cross-sectionally, those factors associated with the age at natural menopause, the prevalence of surgical menopause, symptoms of menopause, health status, and health care use. To be eligible for participation in SWAN Cross-sectional Study, women had to meet the following criteria: (1) primary residence in designated geographic area; (2) the ability to speak English, Spanish, Cantonese, or Japanese; (3) age 40 to 55; (4) ability to provide verbal informed consent; and (5) membership in a specific center's targeted ethnic groups. The SWAN Crosssectional Study consisted of a 15-to 20-minute interview administered to 16,065 women.
Study Variables
Physical Functioning
The dependent variable was a three-category variable using information from the physical functioning scale of the MOS-SF-36. An interviewer first asked the women, in the language of their preference, if they were "limited in any way in activities because of any impairments or health problems." If there was a negative response, the MOS-SF36 physical functioning scale was not administered. Women who gave a positive response (19.2% of 16,065) were administered the physical functioning scale, a scale that has been validated in diverse ethnic groups and age ranges. [18] [19] [20] [21] The scale reflects the difficulty of undertaking 10 physical activities that range from vigorous athletic activities to the ability to bathe and dress. The responses were scored using norm-based methods and transformed to have a mean of 50 (standard deviation ϭ 10) in the general U.S. population. The scale and the percentage of women responding to each category are shown in Table 1 . Ten percent of the total sample had a score between 50 and 100 and were classified as having some physical limitation, whereas 9.2% of the total sample had a score between 1 and 50 and were classified as having substantial limitation in their physical functioning.
Menopausal Status
Menstrual status was defined with a five-category variable based on information from questions about frequency of menstrual bleeding, surgical menopause, and hormone use. The categories and percentage of women in each category were as follows: premenopausal (32%), perimenopausal, defined as a menstrual period in the last year but not the last 3 months or a menstrual period in the last 3 months and time between periods becoming more unpredictable (30%), naturally postmenopausal and not using hormones (13%), surgically postmenopausal and not using hormones (14%), and using hormones in the 3 months before interview (11%). This last category included women whose commonality was the use of hormones at time of interview but whose postmenopausal status could have arisen naturally or as a result of surgery. Although the SWAN Cross-sectional Study included responses from 16,065 women, we excluded approximately 10% of the sample. Data were excluded from analysis (n ϭ 1,638) for an unknown physical functioning status (n ϭ 39), pregnancy, lactation or amenorrhea due to the use of medications or substantial weight change (n ϭ 310), or missing data (n ϭ 103). Additionally, there were pre-(n ϭ 585) or perimenopausal (n ϭ 599) women who had used hormones in the 3-month period preceding the survey, but there was insufficient information to determine whether this hormone use was related to preventing conception or to addressing menstrual-related irregularities or menopause-related conditions. Therefore, these women were excluded from analysis. The distribution of responses to items of the MOS SF-36 among excluded women was similar to the distribution of responses among women included in this report, as shown in Table 2 .
Age at menopause and age at surgical menopause were evaluated as log-transformed, continuous variables. Quetelet index (also known as body mass index) was calculated as wt (kg)/ht 2 (m), based on self-reported weight and height.
Covariates
Selected demographic and health characteristics were categorized for the SWAN cross-sectional population of 14,427 women. Race/ethnicity was self-identified according to the following categories: Caucasian (46.9%), African American (28.7%), Chinese (4.0%), Japanese (5.3%), and two Hispanic groups (from the Caribbean Islands (6.5%) and from Mexico and Central America (6.1%)). The Hispanic groups were recruited at the Newark, New Jersey, center. There were 2.5% of the enrollees who provided no selfclassification of race/ethnicity.
Education was defined as less than high school (10.4%), high school (26.7%), post-high school (31.5%), college (16.1%), and postcollege (15.3%). As a measure of economic status, participants were asked to rank their degree of difficulty in paying for basics such as food, housing, and health care on a three-item scale, subsequently referred to as "paying for basics." Responses to the paying for basics item were very hard (12.2%), somewhat hard (33.3%), and not very hard at all (54.5%). Marital status was identified as single (12.9%), married or living as married (62.4%), and other (including widowed, separated, divorced (24.7%)). Work status was categorized as being employed more than 35 hours/week (58.9%), being employed less than 35 hours/week (15.9%), and not employed (25.2%). Perception of health was described with a five-level variable with responses of excellent (18.5%), very good (31.4%), good (31.2%), fair (15.2%), or poor (3.4%). Because of sparser numbers in the last two cells, the numbers from the fair and poor categories were combined.
Statistical Analyses
All continuous variables were evaluated for normality, and transformations were used when appropriate. Variables for the age at natural menopause and the age at surgical menopause were log-transformed for data analyses, and the anti-log values for these two variables were reported in Table 3 . The continuous variables (age, age at menopause, age at surgical menopause, and BMI) were described according to the three-category limitation variable (no, some, and substantial limitation in physical functioning). Analysis of covariance was used to determine the least square means and standard errors for each of the continuous variables according to the three-category physical functioning variable.
The frequencies of categorical variables, including menopausal status, ethnicity, employment status, economic status, and marital status, were tabulated according to the three-category physical functioning variable, and the ensuing associations were evaluated with a chi-squared test of homogeneity. Associations between limitation in physical functioning and the variables were evaluated using logistic regression with 95% confidence intervals. Ordinal logistic regression models using the three-level physical function- ing variable as the outcome failed to meet the assumptions of proportionality. Therefore, multiple variable logistic regression was used to compare women with some limitation in physical functioning to women with no limitation in physical functioning. A second multiple variable logistic regression model was used to compare women with substantial limitation in physical functioning to women with no limitation in physical functioning. The prevalence odds ratio (POR) was the measure of association derived from the beta coefficients of these logistic regression models. All models included indicator variables for age group, menopause status, and race/ethnicity. A variable to represent the SWAN study sites was also included in all logistic regression models, consistent with SWAN analyses policies.
The referent group for the logistic models consisted of premenopausal 40-to 43-year-old Caucasian participants recruited at the Boston SWAN site. This site was considered "referent" because the study center name was first in an alphabetical listing of all seven centers. The contribution of second-degree terms describing age group by menopause status interactions was evaluated using likelihood ratio tests. The Hosmer-Lemeshow goodness of fit statistic was used to assess the fit of each of the two models. 22 
RESULTS
Descriptive Analyses
In this study, 80.8% of women, age 40 to 55 years, reported no limitation in their physical functioning, whereas 10% reported some limitation in their physical function- ing and 9.2% reported having substantial limitation in their physical functioning. Table 1 shows the frequency of responses to individual items of the MOS SF-36 when women were classified as having some and substantial limitation in physical functioning. Less than 1% of women classified as having some limitation reported that they were limited a lot in walking one block, whereas 33% of women classified as having substantial limitation reported they were limited a lot in walking one block. More than 50% of women classified with substantial limitation reported that they were limited a lot in climbing a single flight of stairs, whereas less than 2% of women with some limitation reported that they were limited a lot in climbing a single flight of stairs. Table 2 summarizes the point prevalence of women in each physical functioning category according to ethnicity, menopause status, education, paying for basics, marital status, and work status. Table 3 shows that women with "substantial" limitation in physical functioning were heavier and slightly older than those women reporting no limitation.
Multiple Variable Analyses
Separate multiple variable logistic models were fit to explain characteristics of women with "some" limitations compared with no limitation and women with "substantial" limitation compared with no limitation, because the polychotomous logistic regression models failed to meet the proportional odds assumption. The logistic regression models, shown Table 4 , included all variables that remained statistically significant following bivariate analyses ( P Ͻ . 10) and that were not highly correlated ( r 2 Ͻ .70) to other variables in the model. Thus, the model building excluded the variables age at menopause, age at surgical menopause, education, work status, and marital status.
Model of Women with Some Limitation in Physical Functioning in Comparison with
Women with no Limitation. In a multiple variable logistic regression model (Table 4, Column 1), women with some limitation in physical functioning had 1.5 greater odds of having surgical menopause and 1.6 greater odds of using postmenopausally initiated hormones, with premenopause being the referent menstrual status. With the exception of Japanese women, women reporting some limitation were more likely to be Caucasian than were women reporting no limitation. Furthermore, women classified as having some limitation were more likely (POR ϭ 1.66) to be classified as obese (as defined by a BMI Ͼ 30) than women classified as having no limitation. Women at midlife reporting some limitation in physical functioning had 65% greater odds (POR ϭ 1.65) of reporting difficulty in paying for basics than did women with no limitation.
Model of Women with "Substantial" Limitation in Physical Functioning in Comparison with Women with no
Limitation. In a multiple variable logistic regression model (Table 4 , Column 2), women who reported substantial limitation in physical functioning had double the odds (POR ϭ 2.02) of having surgical menopause and 76% greater odds (POR ϭ 1.76) of using postmenopausally initiated hormones, with premenopause being the referent menstrual status. Furthermore, there was more than a 50% greater likelihood (POR ϭ 1.56) of being naturally postmenopausal and a 40% greater likelihood (POR ϭ 1.41) of being classified as perimenopausal, compared with premenopause as referent and after adjusting for all other variables including age.
Models with and without the age-menstrual status interaction terms were statistically equivalent for both some and substantial physical limitation.
Women reporting substantial limitation in physical functioning had greater odds of being African American (POR ϭ 1.22) than being Caucasian. In contrast, substantial limitation in physical functioning was significantly less in women who classified their origins as Chinese, Japanese, and Hispanic from Mexico or Central America (POR ϭ 0.47, POR ϭ 0.50, and POR ϭ 0.49), respectively. The odds of being obese were markedly greater (POR ϭ 2.71) in those women having substantial limitation in physical function. The odds of reporting great difficulty in paying for basics were five times greater in women classified as having substantial limitation (POR ϭ 5.03) than in women classified as having no limitation and after considering all other covariates.
DISCUSSION
Three findings of this study are noteworthy. First, even at the relatively young age of 40 to 55, an appreciable number of women (approximately 10%) could be classified as having substantial limitation in their physical functioning. This classification was based on responses to items such as having substantial difficulty in climbing a flight of stairs, bathing or dressing, or walking one block and not by failure to participate in vigorous activities. Second, two as-pects of the menopausal transition (having surgical menopause or the use of postmenopausally initiated hormones) were more frequently observed in women who reported limitation in physical functioning than in women who reported no limitation, even after adjusting for covariates. Third, economic factors had an important association with physical limitation and appeared to account for some of the contribution of age and race/ethnicity to limitation in physical functioning. However, it must be noted that these findings are based on a cross-sectional survey, precluding either temporal or causal inferences.
Physical functioning and the potential for functional limitation (physical and social/emotional) are believed to be major factors in women's health and women's utilization of healthcare services. 3 Earlier studies focussed on functional limitation and their association with healthcare utilization by older people. However, more recent research has attempted to better understand the early predictors of functional limitation 23 and predictors of change in physical functioning. 24 In two major studies, female participants have been characterized as having more functional limitation than males, 23 a greater rate of decline in physical function, and less likelihood of recovery from disability. These studies included women age 51 to 61 23 and Ն65. 24 The prevalence of physical limitation in this study of women is similar to the prevalence of functional limitation reported in women in this approximate age range from national probability studies. 8 Furthermore, the findings of this study are consistent with those reported by Clark et al., 23 who identified that onset of mobility difficulty in men and women age 51 to 61 was best predicted by female sex, less education, low net worth, lack of private health insurance, obesity, and frequent pain. Previous studies have not examined the contribution of menopausal transition to physical functioning or functional limitation. In the current analyses, women with either some or substantial limitation in physical functioning were consistently and significantly more likely to have had surgical menopause or to be postmenopausal and using hormones than women without functional limitation.
The SWAN Cross-sectional Study interview did not include questions to ascertain the underlying condition(s) that gave rise to surgical menopause; therefore, we can only speculate that those conditions that contributed to surgical menopause may likewise contribute to more limitation in physical functioning. Future work needs to include longitudinal evaluations and explore the likelihood of fibroids, dysfunctional uterine bleeding, endometriosis, and any surgical sequelae to hysterectomy and oophorectomy as potential contributors to the limitation in physical functioning.
Postmenopausal women using hormones were also at risk for the limitation in physical functioning, even after adjusting for age, body size, and measures of socioeconomic status. Identifying hormone replacement therapy (HRT) in postmenopausal women as a risk for limitation in physical functioning is infrequently reported and appears to be in contrast with most studies that report a lower chronic disease prevalence among users of hormones. 25 However, these observational studies have been criticized for overestimating the benefits of hormone replacement because of the potential "healthy user bias." 26, 27 HRT users tend to be a complex group defined not only by the underlying rationale for HRT use, but also for duration of HRT use, type of HRT, and dose of HRT. There was insufficient time during the interview to ascertain the underlying reason why these postmenopausal women were using hormones. However, HRT users in this population were possibly different from those usually reported. This was a younger population than women enrolled in most studies of HRT, 28 the population was ethnically more heterogeneous, and they were more likely to have been prescribed estrogen/progestin combinations in contrast to conjugated equine estrogens that were extensively used 2 to 3 decades ago. Thus, the users of HRT in this study may have included those women who felt more debilitated by menopausal symptoms, had already experienced the early presentation of chronic disease, or retained characteristics of those underlying conditions that gave rise to surgical menopause.
This cross-sectional study design cannot address whether women with some limitation in physical functioning will progress to having substantial limitation in physical functioning-or move to a definition of functional limitation. In a study of progression by Clark et al. 23 using two measures 2 years apart and including men and women age 51 to 61, recovery from mobility difficulty was predicted by having little baseline difficulty and with the absence of diabetes mellitus, lung disease, and frequent pain. An important question will be to determine the role of menopausal status in any potential progression of physical limitation.
This study has a number of methodological issues. It only addressed the physical aspects of functioning. The brief SWAN Cross-sectional Study did not incorporate other recognized measures of cognitive, emotional, and social functioning. 2, 29 Aspects of these measures are more rigorously addressed in the longitudinal SWAN study. The briefness of the cross-sectional interview also precluded us from obtaining information on intermediate factors such as metabolic factors or chronic conditions such as depression.
The actual physical functioning scale was administered only to those 20% of women (n ϭ 2,765) who responded affirmatively to a preliminary question that they were "limited in any way in activities because of any impairments or health problems." It would have been desirable to administer the scale to all women to minimize the opportunity for misclassification. Furthermore, the truncated mode of administration made data analysis more complex. If all enrollees had completed the scale, the data would have been analyzed as continuous data. However, because of different data structure, we analyzed these data using two approaches. In addition to the methodology we reported here, we also considered a two-part approach using multiple variable binomial logistic regression to contrast those with and without the scale and multiple variable regression for those who responded to the scale. The two-part approach provided information consistent with that reported in this reported analysis. Additionally, we incorporated the "excluded" women in a special analysis that included dummy variables from seven menopause groups rather than the five reported here. In these analyses, the two groups that remained statistically significantly associated included those with surgical menopause and the postmenopausal women using hormones.
This research suggests that it is important to study women with limitations in physical functioning during the menopausal transition period. Although many of the reported odds ratios are modest and the processes surrounding functional limitations are complex and multifactorial, given the prevalence of both the outcome and the predictors, even small associations could produce significant morbidity in a large population. More women experience menopause than ever before and this number is likely to continue to grow for some time because of national demographic characteristics.
We generally have little information about the experience, risks, or consequences experienced by women with limitation in physical functioning or functional limitation going through menopause. Little is known of the temporal order of diminished physical functioning and menopausal transition states, particularly in women with varying fiscal resources. We also do not know whether women with physical limitations will have greater difficulty addressing issues of the menopausal transition within the healthcare system. Finally, we do not know whether the nature of the menopausal transition influences the progression of functional limitation. Thus, although geriatrics has identified the importance of functional limitation in older people, little attention has been directed toward understanding the natural history of functional limitation (which may begin for many women in mid-life) and chronic diseases.
